In this paper, the problem of identification of the characteristics of the rotor unbalance on two supports is investigated as the inverse problem of measurement. The vibration of rotor supports in two mutually perpendicular directions used as the initial information. The inverse problem is considered, taking into account the error of the mathematical description of rotor-bearings system. To obtain estimates of real unbalance characteristics, the hypothesis as to the exact solutions is applied. The method of Tikhonov regularization is used to obtain stable results. Test calculations are given to illustrate the proposed approach.
Introduction
The constructional differences of rotors and their domains of exploitation led to the creation of special methods of balancing. In many cases, the only criterion of rotor balancing is the absence (or the permissible value) of dynamical responses of supports. The compensation of deflections on length of rotor is considered only as the means to arrive of minimum of main criterion. In other cases, the reach of minimum of its deflections or its bending moment is taken as the criterion of rotor balancing. Such difference in choice of criterion can explain that for each case the parameters that are the main for given type of rotors are chosen. The reactions of supports or corresponding vibrations are taken for criteria of rotors balancing in particular to turbine-generator-building and the rotor deflection axis in jet engine building [1, 2] .
The basis of the most existing methods of flexible rotors balancing is the measuring of rotor vibrations and its supports, namely measuring of deflection and phases of rotating rotor followed by the choice and putting of trial plummets according to the shape of normal mode of vibrations.
The motion of flexible rotor relative to the rotating together with its coordinate system (one of axis coincides with the geometric axis of rotor) is described by Fred- The main tendencies of balancing methods development are connected with ways of development of coefficient influence definition [2, 3] .
Besides, current passive methods do not give the complete information about the position of unbalance if the rotor has a large length along the axis of rotation.
The suggested algorithms of unbalance evaluation use the experimental data about vibrations (accelerations) of two rotors' support in two mutually perpendicular directions during the work and a few rotor rotations as the YU. MENSHIKOV 21 initial information. These algorithms do not demand special conditions of work or the installation of trial plummets.
Problem Definition
Let us consider a deformable rotor rotating on two non-rigid supports [4, 5] . We introduce rectangular righthand coordinates system O . The axis O coincides with axis of the rotating shaft of rotor. The axis O belongs to the plane of rotor in horizontal position. The axis O has vertical direction. We obtain equations of rotor motion in the following [4, 5] : 1) Weight's centers and stiffness's centers of crosssection of rotor coincide;
2) Eccentricity of rotor's disk is one-order infinitesimal with a displacement under vibrations.
The motion of rotor on two non-region supports is described by system of ordinary differential equations of 18 th order [4, 5] . Unbalance of rotor is modeled by some external load (EL). The value of this EL and the place of its action is it necessary to find. It is assumed that the vibrations of rotor supports in two mutual perpendicular directions are obtained from experiment. Let us suppose that the functions      
are the acceleration of supports in horizontal direction, B are the acceleration of supports in vertical direction). As an example, we consider the equation for the unknown function only.
z t Then the problem of unbalance measurement is reduced to the solution of integral equations of Volltera first kind
where 1 is a linear integral operator A 
is the vector-function of initial data. Subjective factors influence on the definition of parameters of system "rotor-supports" MM and therefore the parameters are supposed to have their values within certain limits:
. In this way the vector can be changed inside the known closed region .
will be similar to the Equation (1).
For a rotor on two supports for function
the vector parameters of MM has a kind [6] .
The value of function deviation 1, u  from the exact function is given (if exact operator is linear): 
Statements of Identification Problem as Inverse Problem of Measurement
Let us consider the set of possible solutions of Equation (1) with account of whole error of initial data
The set 0 , h Q  is unbounded for any 0 0   as this problem is ill-posed [6] .
For definition of stable approximate solution is used the regularization method of Tikhonov [6] . This way is based on the search of following extreme problem soluOpen Access APM YU. MENSHIKOV 22 tion:
where   z  is the stabilizing functional which is defined on 1 Z ( 1 Z is the everywhere dense set into Z).
where .
The choice such functional is explained by the following reasons:
• The solution 0 z of an extreme problem (2) least will deviate zero and to have least first derivative in root-mean-square sense;
• The solution 0 z will give an estimation from below of exact solution z of Equation (1 is carried out, then no objective conclusions can be made. We will be named the solution of extreme problem (2) as estimation from below of real unbalance.
In work [7] regularizing algorithm was suggested for Equation (1) with approximate linear operator A  for Banach spaces , Z U , which based on the regularization method [6] .
The solution of problem (1) is reduced to the solution of following extreme problem:
where   z  is stabilizing functional for Equation (1) which defined on 1 Z , the set 1 Z is everywhere dense into Z .
Regularization parameter  can be obtained from equation of general discrepancy:
where is measure of discrepancy. So in this paper the estimation of inverse problem solution instead of solution of Equation (1) is suggested. The following hypothesis is assumed for this purpose [8, 9] : the such inequality is valid
for any approximate operators 1 1 , , p A B 1,ex z 1,ex u in Equation (1) which corresponding to adequate mathematical description of vibration process [10] ; is the solution of Equation (1) The inequality (5) is evident if the exact operators are linear one.
In the given work it is supposed, that all approximate operators 1, p B in (1) have the same structures which depend from some vector parameters . In this case extreme problem (2) can be replaced by the following extreme problem [11] :
where
Now in set of the possible solutions "the extraneous functions" have not got.
It is evident that
Therefore the use of the set instead of * , h Q  allows obtaining the most "thin" solution.
From the practical point of view the solution z  of an extreme problem (6) has the same meaning, as well as 0 , but gives an exacter estimation from below. We will be named the solution of extreme problem (6) as estimation from below of real unbalance also. But the inequality
For the solution of an extreme problem (6) it is offered to use a method of a choice of the minimal special mathematical model of system "rotor-supports" [11, 12] . It allows getting more exact estimation of exact solution.
For the realization of such approach it is necessary to choose within the vectors some vector [12, 13] .
If the minimal MM exists, then the extreme problem (6) can be replaced by an equivalent simpler extreme problem:
Let's consider the problem on existence of the mini- 
 
where 1 In this case function 
1 5 31 1 6 41 1 7 51 3 52
, , 1 8 61  62 3  3 63  1 64  3 9 71 , , 3 10 81  1 11 91  1 12 92 , ,
where are positive constants. 
